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Abstract 
Objective: Research has indicated that individuals with obesity have neurocognitive 
deficits, especially in cognitive flexibility that may in turn impact on their weight loss 
and maintenance. Consequently, we examined the efficacy of a manualised face-to-face 
cognitive remediation therapy for obesity (CRT-O) within a randomised controlled trial, 
in terms of improving cognitive flexibility, reducing binge eating behavior, improving 
quality of life and helping with weight loss. Methods: 80 adults with obesity (body mass 
index >30 kg/m
2
), 70% binge eaters, received three weekly sessions of group 
Behavioural Weight Loss (BWL) and then were randomised to 8 sessions of individual 
CRT-O or to a no-treatment control group. Results: Mixed-effects model analyses 
revealed that the CRT-O group had a significant improvement in their cognitive 
flexibility at post-treatment and 3-month follow-up compared to the control group 
(Cohen’s d = 0.96 to 2.1). 68% of those in the CRT-O group achieved a weight loss of 
5% or more at follow-up compared to only 15% of the controls (Cohen’s d = 1.3). 
Changes in set-shifting predicted changes in weight (p< .05). Binge eating reduced in 
the CRT-O group compared to the control (Cohen’s d = 0.80).  Discussion: This is the 
first study showing the efficacy of CRT-O for obesity. Future CRT-O studies with longer 
follow-ups and pairing it with longer BWL programs are needed. 
 
Keywords 
Cognitive remediation therapy, adult obesity, executive function, weight loss, health 
related quality of life, binge eating, cognitive flexibility 
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Introduction 
It is well known that obesity is associated with serious medical consequences and poor 
health related quality of life (Henderson & Brownell, 2004; Shaw et al, 2005). Evidence 
has also indicated an association between obesity and neurocognitive deficits, especially 
in executive function, irrespective of the presence of binge eating and independent of co-
morbid medical conditions such as diabetes, hypertension and cancer (Gunstad et al., 
2010; Smith et al., 2011), which are themselves associated with adverse cognitive effects 
(Luchsinger, 2012; Biessels, 2008; Reitz et al., 2007, Saykin et al., 2013). Executive 
function encompasses a diverse, overlapping group of higher-level neurocognitive 
processes such as decision making, response inhibition, organizational and planning 
abilities and cognitive flexibility that enable an individual to perform self-organised and 
goal-directed behaviours (Robbins, 1998). The mechanisms by which obesity is 
associated with executive deficits are however unclear. Some explanations include 
vascular pathology, inflammatory processes, neuroendocrine dysregulation, dopamine 
pathway dysregulation, alterations in levels of brain-derived neurotrophic factor and 
leptin biomarkers that impact the brain (Ylikoski et al., 2000; Rahmouni, 2005; Convit, 
2003; Teunissen, 2003; Colcombe, 2003; Bjorntorp & Rosmond, 2000; Sapolsky, 
1999). Each of these mechanisms, in isolation or combination, may contribute to the 
cognitive deficits in obesity.  
Many obesity related eating behaviours rely heavily on neurocognitive processes and 
contribute to lapses in diet adherence (Houben et al., 2014; Price et al., 2016). For 
example, studies have found inefficient cognitive flexibility in set-shifting tasks in 
obesity (Wu et al., 2014; Perpiñá et al., 2016). This may help explain the enduring 
unhealthy eating behaviours in obesity, for example being ‘stuck’ in a disordered eating 
pattern and an inability to look at their situation from an alternate mindset.  Deficits in 
cognitive flexibility, therefore, may be considered to be an important component of 
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obesity maintenance as well as being an impediment to patients benefiting and 
completing behavioural treatments for obesity in the long-term. Consequently, there is 
perhaps a bidirectional relationship between obesity and executive function, with 
obesity impacting on executive functioning via biological mechanisms and impaired 
executive functioning increasing the risk of obesity via disordered eating patterns and 
behaviours (Elias et al., 2003; Bruce-Keller et al., 2009; Smith et al., 2011; Stanek & 
Gunstad, 2013).  
There is evidence that cognitive training programmes improve the targeted outcome and 
the therapeutic gains may also generalise to novel tasks in older adults (Ball et al., 2002; 
Willis et al., 2006; Anguera et al., 2013). Emerging evidence indicates that training 
specific cognitive components (e.g., working memory, inhibitory control, set- shifting) 
may be especially useful in the context of improving health behaviour (Tchanturia et al., 
2015). For example, a study has shown that working memory training has been 
associated with a reduction in alcohol consumption in problem drinkers (Houben et al., 
2011) and inhibitory control training has been shown to reduce chocolate consumption 
among chocolate lovers (Houben and Jansen, 2011). 
A small trial (n=44) testing computerised executive function training with games in 
children with obesity found moderate effect sizes (standardised mean differences 
between 0.5 and 0.6) in executive function outcomes, such as improvements in a 
behaviour rating inventory of executive function and in a working memory task that 
favoured training (Verbeken et al., 2013), and also more capable at maintaining weight 
loss until 8 weeks post-training. Hence remediation of executive deficits may be vital to 
address behaviours related to weight loss and maintenance, yet neuropsychological 
processes and thinking styles are not addressed in current treatments (James & Linton, 
2009). To our knowledge the efficacy of this approach has not yet been investigated in 
adults with obesity.   
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Cognitive Remediation Therapy for Obesity (CRT-O) 
Cognitive remediation therapy (CRT), an intervention originally formulated to improve 
functioning in schizophrenia (Eack et al., 2015; Wykes et al., 2011), is also commonly 
used to treat people with addiction (e.g., Rupp et al., 2012) and eating disorders 
(Tchanturia et al., 2014). CRT addresses the processes of thought, rather than the content 
(Tchanturia et al., 2014, 2015). For the purposes of this study, we adopted CRT for 
anorexia nervosa and developed CRT-Obesity (CRT-O), which was designed to provide 
individuals with the tools to think differently. CRT-O’s aim was twofold: 1) To enhance 
cognitive flexibility and 2) to aid weight loss and prevent further weight gain by linking 
the thinking style to dietary and physical activity, but not addressing diet or physical 
activity directly. In this study, CRT-O was administered as a brief eight-session 45-
minute individual face-to-face therapy; it was not done via a computer. Simple cognitive 
tasks and exercises were administered that encouraged reflective learning and insight into 
a participant’s own thinking process together with intra-session experimentation.  
A psychological model on obesity maintenance (COMM: Raman et al., 2013) has 
argued that psychological variables, including mood and binge eating behaviour, 
interact with executive functioning and impact on obesity. Obesity has been shown to 
increase the risk of developing depression and depression has been found to be 
predictive of obesity (Luppino et al. 2010) and there is a dose–response gradient in that 
the association between depression and obesity was stronger than the association 
between depression and being overweight (Renn et al., 2011). There is ample evidence 
that depressive disorders are also associated with deficits in attentional function, 
executive control and lowered cognitive flexibility (Davis & Nolen Hoeksema, 2000) 
verbal learning and memory (Watkins & Teasdale, 2001) and interpretation biases 
[Disner et al.2011; Marrazziti et al., 2010; Ukjermann et al., 2008; Peron et al., 2011). 
Furthermore, there is evidence that individuals who binge-eat may have more difficulty 
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losing weight (e.g., Texeira et al., 2004). Several studies have reported an increased 
stop signal reaction time (an index of response inhibition), as well as greater inhibitory 
deficits related to exposure to food stimuli in individuals with binge eating compared to 
weight matched controls who do not binge eat (Svaldi et al., 2010). Given that loss of 
control appears to be a central feature of BED, it is not surprising that individuals with 
BED often display elevated rates of impulsivity and difficulty maintaining goal-directed 
behavior (Colles et al., 2008).  
The aim of this study was to test the efficacy of the novel manualized CRT-O. In this 
study, all participants received a brief group-based Behaviour Weight Loss Treatment 
(BWLT) and were then randomised to a CRT-O group or a no-treatment control group. 
BWLT addressed health literacy and weight-loss strategies including psycho-education, 
weight monitoring, dietary advice and exercise planning. Perceived barriers to weight 
management were discussed and challenged in BWLT. The CRT-O training targeted 
executive function deficits and changes in thinking style, in particular cognitive 
flexibility and task switching. 
The primary hypothesis was that participants who received BWLT plus CRT-O would 
demonstrate improved cognitive flexibility at post treatment and at 3-month follow-up, 
compared to those who received BWLT only. The secondary hypotheses were that, 
compared to those who received BWLT only, participants who received BWLT plus 
CRT-O would demonstrate improved (i) weight loss (assessed by percentage weight lost 
across time points) (ii) better Health related quality of life (HRQoL), (iii) improved 
depression symptoms and (iv) reduced binge eating at post treatment and 3-month 
follow-up. The third hypothesis examined whether changes in cognitive flexibility 
predicted weight changes. 
 
M
AN
US
CR
IP
T
 
AC
CE
PT
ED
ACCEPTED MANUSCRIPT
7 
 
Methods/Design  
Participants 
Eighty individuals with obesity were recruited via direct advertisement to the community 
in Sydney, Australia. Inclusion criteria were: BMI ≥30 kg/m2, age 18 to 55 years, current 
weight under 180 kg, ability to provide informed consent and having completed 10 years 
of education in English. Participants were recruited from 15th January 2013 to 25th 
March 2014. Attention was drawn to the recruitment through the general and social 
media. Participants received 20 Australian dollars to attend the baseline and follow-up 
assessments for each visit as financial compensation for their participation in the study. 
Participants were excluded if they had a history of psychosis, head injury, neurological 
disorder including degenerative or inflammatory conditions or stroke, diagnosed attention 
deficit hyperactivity disorder, epilepsy, developmental or intellectual disability; were 
unable to complete the testing (e.g. due to hearing, vision or language impediment); were 
on regular sedative or stimulant medication; and/or report regular substance use or abuse 
(for alcohol, more than four standard drinks five times a week). The sample size was 
determined based on power estimates using Cohen’s tables for an estimated medium effect 
size of 0.6, power of 0.8, one-tailed test, P <0.05 and attrition of 20%. The effect size of 
0.6 was considered by the pilot data we conducted, and on the effect size of CRT trials on 
anorexia nervosa. One tailed was chosen because we expected the difference to be only in 
one direction, as we did not expect any changes in executive function in the control group. 
Although there were no previous studies of adults with obesity, these levels were 
commensurate with those achieved by a study to enhance self-regulatory abilities for 
weight-control in children with obesity (Verbeken et al. 2013). 
 
Procedure 
Recruitment was via advertisements placed on social media sites, university and 
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community center notice boards and via media interviews with journalists from 
metropolitan and community newspapers. The initial screen was by phone to establish 
potential eligibility. This was followed by a face-to-face psychological and 
neuropsychological assessment (described below). All 80 participants then received 
group-based BWLT that ran once a week for 3 weeks, each session lasting 90 minutes. 
At the completion of the third and final session, participants were randomly allocated to 
CRT-O or no treatment. Individuals in the no-treatment control were instructed to 
continue their weight loss efforts, but were not instructed how to do this. andomisation 
and allocation concealment were conducted using an online randomizer. A flow chart of 
the procedure can be found in Figure 1. The procedure was approved by the ethics 
committee of the local university (UWS HREC approval H9787). The trial is registered 
with the Australian New Zealand Registry of Clinical Trials (Trial ID 
ACTRN12613000537752). The protocol section of this study has been published 
(Raman et al., 2014). 
 
Assessment 
All assessment measures were administered at baseline. The BWLT commenced within 
2 weeks of baseline assessment and was followed immediately by CRT-O (3 weeks of 
BWLT and 4 to 6 weeks of either CRT-O or no treatment). Hence participants 
completed their end of treatment assessment 9-11 weeks after baseline testing, and 
again at the 3-month post-CRT follow-up (Please see Fig 1. for subject flow through 
enrollment and follow-up). 
 
Weight and body mass index 
For participants, we measured height and weight (kilograms) with calibrated scales, from 
which we derived body mass index (BMI) in kg/m2.  
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Demographics and medical history 
Age, gender and education were recorded in the general questionnaire. This form also 
included medical history, current medical conditions and medication. 
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Neuropsychological assessment 
The two neuropsychological tests employed were selected because they covered 
the cognitive flexibility aspect of executive functioning, which was confirmed by 
our unpublished meta-analysis to be the area most affected in individuals with 
obesity. The tests were administered individually to all participants by a trained 
clinical psychologist. 
1. The Wisconsin Card Sorting Test (WCST) 64: The computerised version of WCST 
(Grant, 1951; Harris, 1990; Heaton, 1981) was used. The WCST measures 
categorisation, inference, testing of hypotheses, cognitive flexibility, cognitive 
inhibition and response to feedback (Mobbs et al., 2010).  The number of perseverative 
errors was the dependent measure. The WCST is considered to be a valid measure of 
abstract reasoning ability to maintain an appropriate planning and problem-solving 
strategy across changing stimulus conditions to achieve a future goal, and it is the most 
widely used test of executive function (Lezak et al. 2012). 
2. Trail Making Test (TMT) (Battery, 1944): The TMT was used to assess psychomotor 
speed, visual integration, cognitive flexibility and inhibitory control. This test measures 
the participant’s ability to connect written numbers in an ascending order (Trail A) and 
afterwards, to connect numbers and letters, alternating numbers in ascending order and 
letters in alphabetical order (Trail B), for example, 1-A- 2-B (Lezak et al. 2012). For 
this study, the derived score (TMTB-TMA) was used as an outcome variable to control 
for speed of processing.  
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Psychological self-report measures 
Depression, Anxiety and Stress Scales 
Depression symptoms in this study were measured by the Depression, Anxiety and 
Stress (DASS) Scales (Henry & Crawford, 2005). This test has been validated in a 
number of clinical and non-clinical populations and has been shown to be 
psychometrically sound with good reliability and validity to measure depressive 
symptoms in the previous week (Henry & Crawford, 2005; Antony et al. 1998). A Score 
over 10 suggests some mild symptoms of depression, whereas a score over 28 suggests 
extremely severe symptoms of depression. 
Binge eating  
Binge eating was first measured by the Eating Disorder Examination Questionnaire 
(EDEQ: Fairburn, 2008), and then assessed via a clinical interview, by a clinical 
psychologist. Responses to the question on the number of binge eating episodes per 
week were clarified via the clinical interview to ascertain the clinical definition of a 
binge eating episode as per the DSM 5 criterion. Any discrepancies between the EDEQ 
and the clinical interview, the clinical interview took precedence. 
Health-related quality of life 
HRQoL was measured with the 12-item Short Form (Ware et al., 1996), which is a 
widely used quality of life measure with good construct and criterion validity and with 
adequate sensitivity to change. Mental health related quality of life is measured by 1) 
how participants felt if they accomplished less than usual, 2) if they had trouble doing 
any work or activities as carefully as usual as a result of an emotional problem, and 3) as 
to how calm, peaceful, downhearted or blue they felt in the past 4 weeks. 
Interventions 
Behavioural Weight-Loss Group Intervention 
The BWLT in this study targeted diet and exercise through behavioural modification 
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techniques over three 90-minute weekly sessions. In the first session, obesity-related 
risk awareness, challenges with perceived barriers and perceived personal control were 
discussed in depth. Cognitive challenging techniques were taught and in-session goal 
setting practices were conducted. In the second session, participants received 
comprehensive education about nutrition, hunger management and healthy eating 
practices. Problem-solving techniques were taught so that participants can effectively 
deal with difficult situations that threaten their weight-control efforts. National physical 
activity guidelines were discussed and further training given on goal setting and goal 
achievement. In the last session, attention was given to motivation enhancement and 
relapse prevention strategies to help individuals maintain their weight loss. 
Cognitive Remediation Therapy for Obesity 
CRT-O is a manualized intervention that consists of mental exercises aimed at 
improving cognitive strategies, thinking skills and information processing through 
practice. CRT promotes reflection on thinking styles, develops metacognition and helps 
to explore and apply new thinking strategies in everyday life. The primary function of 
CRT is to improve the thinking process rather than the content (Tchanturia, et al 2014, 
2015). In the absence of a published manual for obesity, a CRT-O manual was 
developed to meet the needs of the participants with obesity for the purposes of this 
randomized controlled trial (RCT). The intervention was conducted face-to-face and 
delivered by the first author (JR), who is an endorsed clinical psychologist in Australia. 
The principles, structure and main components of the original CRT-AN were maintained 
(Tchanturia et al., 2010). Some important modifications, however, were made to adapt 
the manual for obesity. We replaced tasks that encouraged abstract, global thinking with 
tasks that facilitated attention to detail. A small pilot study had previously reported 
moderate to strong effect sizes in tasks measuring detailed focus in overweight 
participants (Roberts et al., 2007). We also added tasks that looked at problem solving 
skills. In the other tasks that we retained from the CRT-AN manual, reflective thinking 
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techniques were redirected to enhance organization, planning and problem solving in a 
focused fashion (Smith, Raman, Hay, 2015). 
Data collection, management and analysis 
Data were collected at baseline, end-of-treatment and the 3-month follow-up by the trial 
therapist. Data were entered and coded by a research assistant, blind to group allocation, 
and stored at a secure university facility according to university protocols.  
T-tests were done using the Statistical Package for Social Sciences (SPSS: v22) to 
compare groups on baseline outcome variables, clinical and demographic data.  Mixed-
effects models (MEM) were used with SAS 9.2 (SAS Institute Inc., Cary, NC) to 
examine the association between the outcomes and the CRT-O treatment over time. We 
used mixed effects modeling because it accounts for longitudinal data sets with missing 
data and repeated measurements made at irregular time intervals (Littell et al., 2006).  
The mixed-effects model consists of two parts: fixed effects and random effects. Fixed 
effects describe the population average of baseline and follow-ups, and random effects 
describe the participant-specific heterogeneity in those measures. 
The model took the form: 
Yit Intercept1(Group1) 2 (Time 1) 3 (Time2) it  u
In this model, Yit is the outcome of interest of the participant i at time t, the first three four terms in 
the right-side of equation are the usual fixed effect terms and it represents the usual, normally 
distributed residual error. Group is for the treatment group (with control group taken as a reference 
group) and Time1 and Time 2 are for the post intervention and 3-month follow-up, respectively.  
Group, Time1 and Time2 are dummy variables.  For a random effect, a random intercept, ui is 
introduced accounting for the variance between participants at baseline (analyses of the random 
effect can be found in Appendix A). The analyses were done twice, first without using any 
covariates and then including as covariates any baseline outcomes that were statistically significant. 
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Effect sizes between and within the two groups were calculated using Cohen’s d computed with the 
pooled standard deviation. For transparency, a series of univariate analyses were conducted to 
corroborrate the MEM analyses, and these were reported in a footnote next to the corresponding 
MEM analysis. 
Results 
 
Baseline results 
Our participant pool comprised of 86% females. 67% participants were employed outside 
the home, majority fulltime, 7% were engaged in home duties and the remainder were 
unemployed, studying or seeking employment. The treatment group was higher in the number of 
years of education (p< .05). Baseline outcome measures did not show any significant difference 
between groups except for the depression scores, which was higher in the treatment group 
(p<.05). Baseline demographics and clinical characteristics of the participants are shown in Table 
1. There were no differences at baseline between people who dropped out at follow-up and 
people who did not drop out in terms of weight (p = 0.67) and WSCT perseverative responses (p 
= 0.776), or any other baseline measures (p > 0.05) 
 
Table 1. Means (standard deviation) of baseline demographic and clinical characteristics: age, 
education in years, WCST perseverative errors, TMT derived scores, BMI, depression, mental 
health related quality of life and binge eating frequency for CRT-O and control groups. 
 Control Group 
n=38 
Mean (SD) 
Treatment Group 
n=42 
Mean (SD) 
Sig (df=78) 
t,p 
Years of education 13.5 (2.3) 15.0 (2.4) t = 2.8; p = 0.006 
Age 42.2 (8.8) 40.6 (7.0) t= -0.92; p=0.36 
WCST Persev Errors 9.0 (5.8) 10.7 (5.0) t=1.50; p=0.14 
TMT Derived 34.4 (26.9) 34.7 (35.1) t=0.03;p=0.98 
BMI (kg/m2) 39.2 (7.4) 40.3 (7.8) t=0.68; p=0.51 
Depression 13.3 (12.2) 19.1 (11.2) t=2.21; p=0.03 
Mental Health related QoL 45.7 (9.4)  46.9 (8.4) t=0.62; p=0.54 
Binge Eating Frequency 9.3 (10.6) 9.3 (8.7) t=0.01; p=0.99 
NOTE: WCST: Wisconsin Card Sorting Task; TMT derived (Trail B-Trail A was calculated to 
control for speed of processing)= Trail making test; BMI = body mass index 
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Primary outcome: cognitive flexibility 
Table 2 reports means and standard deviations of WCST and TMT derived. Table 3.1 report 
fixed effect estimates of model parameters, when adjusted by time and including random intercept, 
along with their standard error and the result for the test of their significance (random effects can be 
found in Appendix A). The treatment group (Group) shows negative association with both of 
WCST preservative errors and TMT derived score. This means that treatment group reports 
significantly lesser mean WCST preservative error and TMT derived score compared to control 
group adjusted for the effect of time (β = -1.82, p = <.05 for WCST errors and β = - 11.74, p = <.05 
for TMT derived score)1. Including baseline depression scores or education in the model did not 
significantly change the results.  
 The effect size of the changes in the WCST from baseline to three-month follow-up in the 
CRT-O group was Cohen’s d of 1.7, whereas the effect size of the changes in the WCST from 
baseline to 3-month follow-up in the control group was Cohen’s d of -0.1. Similarly, the effect size 
of the changes in the TMT B-A in the CRT-O group was Cohen’s d of 0.78, whereas the effect size 
of the changes in the TMT B-A in the control group was Cohen’s d of -0.05. 
 
 
Table  2. Means (standard deviation) of the executive function tests, weight change in 
percentage, BMI, depression, quality of life and frequency of binge eating outcomes at 
baseline, post-treatment and three-month follow-up, for CRT-O and control groups
                                                          
1
 Two linear univariate analyses were conducted to corroborrate the MEM results. The dependent 
variable was WCST perseverative errors at 3 month follow up, the independent variable was group, 
and the covariate was the WCST perseverative errors at baseline: F = 35.7; p < 0.001, partial eta 
squared .34. This suggests that the CRTO group had a significantly lower score of the WCST at 3-
month follow-up compared to the control group, when controlling for baseline data, replicating the 
MEM analyses. When the dependent variable was changed to TMT B-A, similar results were found.  
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  Treatment    Control  
 
Baseline 
n = 42 
M(SD) 
Post 
 n=41 
M(SD) 
3MFU 
n=37 
M(SD) 
Baseline 
 n = 38 
M(SD) 
Post 
 n=31 
M(SD) 
3MFU 
n=26 
M(SD) 
WCST 
Persev 
Errors 
 
10.7 
(5.0) 
 
5.0 
(1.8) 
 
4.5 
 (0.9) 
 
9.0 
(5.8) 
 
8.2 
(4.7) 
 
9.6 
 (5.6) 
 
TMT B-A 
 
34.7 
(35.1) 
 
14.9 
(7.2) 
 
15.0 
(5.9) 
 
34.4 
(26.9) 
 
33.6 
(24.5) 
 
35.9 
(26.1) 
Weight 
change 
(percent) - 
0.04 
(0.03) 
(from 
baseline 
to Post) 
6.6 
(4.0)  
(from  
baseline 
to 3MFU) 
 -0.02 
(0.04) 
from 
baseline 
to post) 
-1.2 
(7.5) 
 (from 
baseline to 
3MFU) 
Weight  
 
111.7 
(21.5) 
108.1 
(21.3) 
105.5  
(20.7) 
108.1 
(18.7) 
111.3 
(20.7) 
109.3  
(18.9) 
BMI 
 
40.3 
(7.7) 
 
38.9 
(7.6) 
 
38.3 
(7.6) 
 
39.2 
(7.4) 
 
39.7 
(8.4) 
 
38.8 
(8.4) 
 
Depression 19.1 
(11.2) 
4.5 
(5.1) 
5.8 
(8.6) 
13.3 
(12.2) 
15.4 
(12.2) 
11.9 
(12.1) 
Mental 
health 
related 
Quality of 
Life 
47.0 
(8.4) 
53.1 
(7.6) 
50.5 
(10.7) 
45.7 
(9.4) 
45.2 
(13.4) 
48.3 
(12.0) 
Binge 
eating 
       9.3 
      (8.7) 
    3.2 
    (5.7) 
    3.4 
    (6.0) 
9.3 
(10.6) 
11.6 
(11.9) 
9.2 
(10.6) 
Note: 3MFU = three month follow-up; Post = post-treatment; WCST Persev 
errors = Wisconsin Card Sorting Test perseverative errors; TMTB-A= Trail B 
minus Trail A Derived; BMI = body mass index  
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Table 3.1: Fixed effect model estimates for primary outcomes, WCST and TMT (the 
control condition is coded as 0 and the treatment condition is coded as 1) 
 
Primary Outcomes Effect Estimate SE P-Value 
WCST Intercept 10.84 0.67 <0.001 
 CRT-O Group -1.82 0.84  0.030 
 Time2 -3.06 0.59 <0.001 
 Time1 -3.43 0.56 <0.001 
 Intercept 40.63 3.39 <0.001 
TMT CRT-O Group -11.74 3.94   0.004 
 Time2 -10.17 3.63   0.010 
 Time1 -11.06 3.45   0.002 
CRT-O group = condition effect adjusting for effect of time 
Time1 (at post intervention) and time 2 (at 3-month follow-up) = effect of outcome at 
each Time.  
 
Secondary outcomes: weight change, binge eating, BMI, depression and quality of life 
Weight change 
Weight change defined as the difference (percentage reduction) in weight between 
weight at baseline period and at time 1 (post treatment), and time 2 (3 month follow up). 
Table 3.2 reports fixed effect estimates of model parameters along with their standard 
error and the result for the test of their significance. The treatment group (CRT-O Group) 
shows positive association with weight change percentage. This means that treatment 
group reports significantly higher weight change percentage compared to control group 
adjusted for the effect of time (β = 2.27; p <.0001), but only for Time 2 (β = -3.2; p 
<.0001)2. There were no significant differences in weight change percentage between the 
two groups at Time1 (post treatment). Controlling for baseline depression scores or 
                                                          
2
 A linear univariate analysis was conducted to corroborrate the MEM results. The 
dependent variable was weight at 3 month follow up, the independent variable was group, 
and the covariate was the weight at baseline: F = 21.7; p < 0.001, partial eta squared .27, 
replicating the MEM analyses.  
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education did not change the results. 
As can be seen in Table 2, at 3-month follow-up (Time 2), participants who 
completed CRT-O had lost on average 6.6% of weight (95% CI 5.6 to 9.1), whilst controls 
gained 1.2% of weight (95% CI -4.6 to 2.5). The effect size for this difference between 
groups was large, with a Cohen’s d of 1.3. In addition, 68% of those in the CRT-O group 
achieved a weight loss of 5% or more, compared to only 15% of the controls.  
 
Table 3.2. Mixed Effect Model estimates for weight change percentage. (The control 
condition is coded as 0 and the treatment condition is coded as 1) 
Outcome Effect Estimate SE P-Value 
Weight change percentage Intercept -1.19 0.47 0.010 
  CRT-O Group 2.27 0.48 <0.001 
  Time2 3.21 0.59 <0.001 
  Time1 -0.009 0.57   0.880 
 
 
Binge eating, BMI, depression and quality of life 
As shown in Table 3.3, when adjusted by time and including random intercept, 
the treatment effect is statistically significant for binge eating frequency and mental 
health quality of life, which suggests that the treatment improves these outcomes. 
However, for mental health quality of life, this was only significant at Time 1. As 
shown in Table 3.3, when adjusted by time and including random intercept, the 
treatment effect was not significant for BMI or depression.  
Table 2 shows that individuals in the CRT-O group were on average binge eating 
around 9.3 (SD: 8.7) times a month at baseline, but at the end of treatment and at three 
month follow-up this had reduced to an average of 3.3 (SD: 5.8) times a month 
(Cohen’s d = 0.8). In contrast, the control condition was binge eating 9.3 (SD: 10.6) 
times a month on average at baseline, and 9.2 (SD: 10.6) times a month at 3-month 
follow-up (Cohen’s d = 0.0).  
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Table 2 shows that individuals in the CRT-O group’s mental health quality of life 
scored 46.9 (SD: 8.35) at baseline, and it increased to an average of 53.1(SD: 10.5) at 
post-treatment (Cohen’s d = 0.65). In contrast, the control condition had an average score 
on the mental health quality of life of 45.7 (SD: 9.4) at baseline, and 45.2 (SD: 13.4) at 
post-treatment (Cohen’s d = -0.04).  
 
Table 3.3: Mixed Effect Model estimates for BMI, depression, binge eating and mental 
health quality of life. (The control condition is coded as 0 and the treatment condition is 
coded as 1) 
 
Secondary Outcomes Effect Estimate SE P-Value 
BMI Intercept 39.92 1.24 <0.001 
  CRT-O Group -0.31 1.70 0.860 
  Time2 -1.42 0.27 <0.001 
  Time1 -0.56 0.26  0.030 
Binge eating frequency Intercept 12.09 1.48 <0.001 
  CRT-O Group -4.91 1.82 0.010 
  Time2 -3.42 1.10 0.002 
  Time1 -2.76 1.06 0.010 
Depression Intercept 17.74 1.66 <0.001 
  
CRT-O Group -2.63 2.09 0.230 
  Time2 -7.92 1.34 <0.001 
  Time1 -7.18 2.35 <0.001 
Mental health related quality of life Intercept 44.46 1.50 <0.001 
  CRT-O Group 3.74 1.84 0.040 
  Time2 2.28 1.53 0.140 
  Time1 2.92 1.40 0.040 
Note: WCST- Wisconsin Card Sorting Task; TMT- Trail Making Task; BMI- 
Body Mass Index 
 
 
Change of cognitive flexibility predicted changes in weight 
 
For the outcome weight change in percentage, the effect of the treatment is 
assessed after adjusting for WCST perseverative errors and TMT derived score in addition 
to time. Estimated model parameters coefficients are shown in Table 3.4. Treatment effect 
remains significant (p <.05). WCST perseverative error was statistically significant, but 
TMT score was not. 
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Table 3.4: Estimates of Effects of Time, Condition, and Change of cognitive 
flexibility on Weight Change Percentage 
Effect Estimate SE p 
Intercept 0.85 0.82 0.300 
CRT-O Group 1.87 0.50 <0.001 
Time2 2.62 0.62 <0.001 
Time 1 -0.74 0.60 0.220 
WCST -0.15 0.05 0.010 
TMT -0.01 0.01 0.290 
WCST: Changes in Wisconsin Card Sorting Test; TMT: Trail Making Test. 
 
 
Discussion 
This is the first study to evaluate the efficacy of manualised, face-to-face 
cognitive remediation therapy for adult obesity. Results of this study indicated that CRT-
O was efficacious at improving cognitive flexibility compared to the control group at 
post-treatment, and this improvement was maintained at the 3-month follow-up. Results 
also showed that individuals in the CRT-O group lost significantly more weight at the 3-
month follow-up (6.6% weight loss), measured by weight change percentage across the 
two points, and that changes in cognitive flexibility, as measured by the WCST, predicted 
changes in weight. Furthermore, the CRT-O group significantly reduced participants’ 
binge eating frequency from pre to post treatment, and this was maintained at follow-up. 
It also improved the mental health quality of life from pre to post-treatment, but this was 
not maintained at three-month follow-up. These improvements were achieved after only 
completing eight, twice weekly, 45-minute CRT-O sessions. 
Consistent with previous studies of CRT in anorexia nervosa (e.g., Tchanturia et 
al., 2014), our results also showed that individuals improved in cognitive flexibility after 
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CRT-O. Results from our study support the explanation that the initial executive 
improvements may predict weight loss outcomes i.e., improvement in cognitive 
flexibility may have enabled the participants to engage in better lifestyle choices that in 
turn resulted in subsequent weight loss. However, only WCST predicted weight change. 
The other measure of cognitive flexibility, TMT, which is specifically a measure of 
task switching, did not predict changes in weight. The correlation between WCST and 
TMT (B-A) has been shown to be around 0.3 (Chaytor, Schmitter-Edgecombe, Burr, 
2006), suggesting that they are not different measures of the same construct (cognitive 
flexibility), but that they are measuring non-overlapping variance. WCST is the most 
widely used measure of cognitive flexibility. While the participants’ cognitive flexibility 
may have improved as a result of CRT-O, the executive improvements that were 
maintained at the three-month follow-up may relate to improvements in participants’ 
weight loss and related behaviours. For example, a meta-analysis of twelve studies found 
an improvement in memory and attention performances with weight loss in individuals 
with obesity (Siervo et al., 2011). Recent findings in bariatric surgery patients, have 
suggested that weight loss might be linked to improved cognitive function (e.g., Alosco 
et.al., 2014).  
A noteworthy finding is the changes in binge eating in the treatment group. 
Around 70 % of our participants, met criteria for binge eating disorder (BED). Although 
the findings from empirical literature are mixed about the independent contribution of a 
BED diagnosis in obesity to neurocognitive deficits  (Davis et al., 2010, Duchesne et al., 
2010; Svaldi et al., 2014; Svaldi et al., 2010),  given that loss of control in eating appears 
to be a central feature of BED (Colles et al., 2008), it is not surprising that individuals 
with the disorder often display elevated rates of impulsivity and reduced executive 
function (Grucza et al., 2007; Manwaring et al., 2011; Svaldi et al., 2012; Wu et al., 
2013). Results from our study demonstrated a Cohen’s d effect size of 0.8 on change of 
binge eating frequency. This is comparable to the effect size of five pooled psychological 
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studies comprising of 197 participants that resulted in a Cohen’s d of 0.8 as shown in a 
meta-analysis (Vocks et al., 2010). The psychological studies in this meta-analysis 
comprised of an average of 20 sessions of cognitive behavioural therapy (Vocks, et al., 
2010), suggesting that eight 45-minute sessions of CRT-O might be an alternative 
treatment for BED. 
Our study found that those in the CRT group had improvements in mental health 
QoL, but only at post-treatment. This suggests that face-to-face intervention and not 
weight loss was responsible for these results. In fact, weight loss did not lead to a 
significant improvement in mental health QoL, contradicting the majority of studies 
showing improvements in QoL after weight loss achievement (Fontaine and Barofsky, 
2001; Blissmer et al., 2006; Kolotkin et al., 2009). 
This study did not find that CRT-O had an effect on participants’ depression at 
post therapy assessment or three-month follow-up. These results are consistent with the 
results of a previous study on computer-assisted cognitive remediation therapy in patients 
with a major depressive disorder (Elgamal et al., 2007). In Elgamal’s et al (2007) study, 
patients who received cognitive training improved on a range of neuropsychological tests, 
but results did not show any change in depressive symptom scores. 
In order to understand the magnitude of these findings, it is important to 
compare these results with data from previous weight loss trials. A meta-analysis of 80 
behavioural weight loss studies established a mean weight loss of 5 to 8.5 kg (5% to 9% 
of body weight) within 6 months, with most providing 24 weekly sessions (Franz et al., 
2007). Weight loss was shown to plateau at approximately 6 months in this meta-
analysis, with study participants experiencing weight regain at the two-year follow-up. 
The current study’s CRT-O produced comparable results 5 months after baseline (3 
month follow-up). A 5-10% reduction in total body weight can produce significant 
health benefits (e.g., lower blood pressure, lower glucose levels, and improved lipid 
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profiles). Since weight loss for the purpose of improving health status is recommended 
for individuals with obesity, achieving and maintaining a 5-10% weight loss should be 
considered a meaningful accomplishment (Wing & Hill, 2001). Although CRT-O was 
not a weight loss intervention per se, it was able to have an effect on weight that was 
clinically significant. In this study, 68% of those in the CRT-O group achieved a weight 
loss of 5% or more at follow-up compared to only 15% of the controls. Based on the 
results of this study, cognitive remediation therapy could be a nice adjunct to 
behavioural weight loss programmes. Interestingly, although this study found a 
significant weight loss (> 5%) in 68% of participants in the CRT-O group, no differences 
between groups in BMI were found. It is important to highlight that BMI is an estimate 
of body fat, whereas weight change percentage is the most widely used outcome 
measure, as documented by Franz et al (2007) in their meta-analysis of 80 behavioural 
weight loss studies. Weight loss success is commonly defined as 5% weight loss, not 
BMI change (Wing & Hill, 2001). 
One limitation of this study includes lack of blinding of participants and assessor. 
However, using an objective, computerized, neuropsychological test of set shifting, a key 
feature in executive function (WCST) as one of the main outcome variables mitigated the 
experimenter effect (i.e., response bias) to an extent. Another limitation of this study was 
the lack of an active treatment arm controlling for non-specific therapeutic effects. 
Although promising, the treatment group did receive more treatment than the control 
group and it is possible that this could have enhanced the effects of CRT-O. It is also 
possible that the effect of CRT-O is a placebo effect (e.g. participants get better because 
they are seeing someone for their weight). However, other treatments, such as weekly 
support using motivational interviewing, do not impact on weight to the same extent as 
CRT-O (Barnes & Ivezaj, 2015), so unlikely to be a placebo effect. Importantly, this trial 
needs to be replicated and CRT-O should be compared to a behavioural weight loss 
program. We expect that by combining these two programmes weight loss might be 
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maintained long term, compared to behavioural weight loss alone. However, our control 
group provided a great comparison to a real world scenario, and highlights the 
importance of treatment.  
Another limitation is that this study had a relatively short follow-up period of 
three months. Hence, the follow-up period in this study was too short to make definitive 
conclusions about weight regain in either condition. Studies with longer follow-ups are 
needed to make more definitive conclusions about treatment effects in either condition. 
A further limitation was that although our CRT-O intervention included planning 
exercises, we did not test planning in our participants, before and after CRT-O. Future 
research should include Tower of London (Donders & Larsen, 2012) or other planning 
related tests to examine whether planning efficacy is impacted after the CRT-O 
intervention. 
This study also had some strengths. These include the use of a randomized 
controlled study design and a novel manualized cognitive remediation treatment for 
obesity. Another strength was that it presents outcomes on a community sample and 
therefore is representative of a non-clinical, wider community.  
Conclusion 
 
The findings of this study suggest that brief CRT-O (eight 45-minute sessions) is 
an efficacious treatment to enhance weight loss, improve cognitive flexibility and reduce 
binge eating behaviour in individuals with obesity. The ease of delivery of the CRT-O 
program suggests that it could be incorporated as an adjunctive therapy along with 
BWLT and/or other weight management programmes. CRT-O should now be compared 
to an active treatment, and long-term follow-ups must be evaluated. 
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Appendix A  
 
 
Variance of Random Intercept and Residual 
 
 
 
This table shows the variance estimates and associated p-values of random intercept and residual 
for each model.  Note that, except for weight change in percentage, the variances of all the 
random intercepts considered here are comparable to corresponding residual variances, and 
statistically significant.  This justifies the introduction of random intercept in our model.  
Variance of random intercept for the outcome weight change in percentage, is estimated as zero 
as all the values of weight change in percentage at baseline is 0 by definition and hence becomes 
a degenerate variables with variance zero.  
 
 
 
 
Outcome Variance Estimate SE P-Value 
WCST Intercept 9.23 2.32 <.0001 
 Residual 11.67 1.44 <.0001 
TMT Intercept 134.09 51.29 .005 
 Residual 442.00 53.87 <.0001 
Weight change in percentage Intercept 0.00 . . 
 Residual 12.33 1.20 <.0001 
BMI Intercept 56.59 9.21 <.0001 
 Residual 2.36 0.29 <.0001 
Binge eating frequency Intercept 48.04 10.41 <.0001 
 Residual 34.27 4.49 <.0001 
Depression Intercept 62.53 14.61 <.0001 
 Residual 60.44 7.51 <.0001 
Mental quality of life Intercept 37.03 11.37 <.001 
 Residual 67.01 8.99 <.0001 
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Appendix B 
Figures 1-5 show trends of significant outcomes by group, taking linear regression for 
each subject’s measurement as well for all the subjects at once (in red). In these plot the time is 
plotted as a continuum though the measurements are taken at baseline, post intervention and at 3 
month follow up for significant outcome variables. These figures again suggest better outcomes 
for the treatment group.  
 
Figure 1.  
Trend in WCST Preservative Errors across Baseline, Post Intervention and 3 month follow up 
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Figure 2  
Trend in TMT Derived Score across Baseline, Post Intervention and 3 month follow up 
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Figure 3 
Trend in Weight change in % across Baseline, Post Intervention and 3 month follow up 
 
 
 
Figure 4 
Trend in Binge eating frequency across Baseline, Post Intervention and 3 month follow up 
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Figure 5 
Trend in Mental quality of life across Baseline, Post Intervention and 3 month follow up 
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